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(54) System and method for forming electrostatically actuated data storage mechanisms 



(57) A plurality of data storage media (71) are inte- 
grated into a microfabricated data storage system (21). 
The media (71 ) are supported by a plurality of flexures 
(82) that allows the media (71 ) to move within a plane so 
that data can be stored at different locations on the 
media (71). The flexures (82), however, significantly 
resist any motion of the media (71 ) out of the plane. 
Therefore, tips (52) or other devices for writing or read- 
ing to or from the media (71) can be placed a small dis- 
tance from the media (71), thereby facilitating attempts 
to microfabricate the data storage system (21). After 
forming the media (71 ) on a microfabricated wafer (32), 
the wafer (32) can be bonded to another microfabri- 
cated wafer (25), and the resulting structure can thereby 
be sealed by a gasket (62) in order to seal the media 
(71) within the data storage system (21). Preferably the 
bonding process to join the microfabricated wafers (25, 
32) is CMOS (complementary metal-oxide semiconduc- 
tor) compatible by using elements such as palladium 
and silicon that bond at relatively low temperatures. 
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Descripti n 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This document is related to co-pending U.S. 
Patent Application entitled SYSTEM AND METHOD 
FOR BONDING AND SEALING MICRO FABRICATED 
WAFERS TO FORM A SINGLE MONOLITHIC 
STRUCTURE HAVING A VACUUM CHAMBER 
THEREIN, assigned serial number 09/124,311, and to 
co-pending U.S. Patent Application entitled SYSTEM 
AND METHOD FOR BONDING WAFERS, assigned 
serial number 09/124,099 which are both incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to 
microfabrication of data storage mechanisms and, in 
particular, to a system and method for forming inte- 
grated data storage mechanisms that are actuated by 
electrostatic forces. 

RELATED ART 

[0003] In current computer systems, data is frequently 
stored and retrieved respectively to and from memory 
while forming and executing application programs. The 
memory used to store the information can be any 
medium having properties that can be altered in order to 
reflect data patterns. For example, a magnetic type of 
material is frequently used as the data storage medium, 
and as known in the art, the polarization of magnetic 
material can be set by passing magnetic fields through 
the material. When it is desirable to store data, a device 
sets the polarization of particular locations on the 
medium to reflect the data pattern being stored. Later, 
when it is desirable to retrieve the stored data, the 
device can return to the particular locations on the data 
storage medium and analyze the polarization of the 
magnetic material to determine the data pattern of the 
data being retrieved. Therefore, the device used to store 
and retrieve data should be capable of moving to partic- 
ular locations on the medium with a high level of preci- 
sion and accuracy. 

[0004] In tip-based data storage, the data storage 
medium is formed at a certain distance from one or 
more tips, which are capable of storing and retrieving 
data from the medium. The elements forming the tips 
are usually small conical structures, fabricated by the 
techniques of micromachining. The medium may be 
directly in contact with the tips as in the cases of ther- 
momechanical data storage or ferroelectric phase 
change data storage or may be separated from the tips 
as in the cases of near-field optical data storage or field- 
emission data storage. Similar to magnetic data stor- 



age, the medium is usually moved relative to the tips in 
order to access data. The tips can transmit a laser or an 
electron beam to alter the properties of the medium in 
order to reflect the bit pattern of the data being stored. 

5 Therefore, the material of the medium is not necessarily 
magnetic and can be any material with properties capa- 
ble of being altered by transmissions from the tips. 
[0005] As can be appreciated by one skilled in the art, 
it is desirable to microfabricate data storage devices in 

w order to reduce the costs of manufacturing and to 
reduce the size of the data storage devices. Further- 
more, microfabrication of data storage devices can be 
facilitated if electrostatic actuators can be utilized to 
actuate the data storage devices. In this regard, electrc- 

15 static actuators typically utilize electrodes to generate 
electrical fields that can be used to supply the neces- 
sary forces for moving the data storage medium, and 
these electrodes can be easily formed through micro- 
fabrication techniques. Additionally, electrostatic actua- 

20 tors can operate at relatively low power. Therefore, it is 
often desirable to use electrostatic actuators for actuat- 
ing microfabricated data storage devices. 
[0006] However, a problem with most common elec- 
trostatic actuators is that relatively high drive voltages 

25 (sometimes more than 1 00 Volts) are required for oper- 
ation. Moreover, the overall area and, hence, the cost of 
the storage device are determined primarily by the area 
required by the electrostatic actuators. In addition, the 
dissimilar materials in most conventional electrostatic 

30 actuators have varying thermal expansion properties. 
Therefore, the components of the actuators bend due to 
temperature changes, and as a result, the components 
of the data storage device are separated by larger dis- 
tances (requiring higher voltages for actuation) in order 

35 to accommodate for the bending. Consequently, the 
components of the data storage device require larger 
areas and higher voltages due to the varying thermal 
expansion properties of the dissimilar materials within 
the electrostatic actuators. 

40 [0007] Furthermore, many electrostatic actuators do 
not easily allow motion in a two-dimensional plane, 
which is desirable for data storage applications. Due to 
the difficulties of microfabricating suitable electrostatic 
actuated storage devices, most conventional tip-based 

45 storage devices refrain from using electrostatic actua- 
tors. 

[0008] Thus, a previously unaddressed need exists in 
the industry for a system and method for efficiently 
forming a tip-based electrostatic storage device capable 
so of production through microfabrication techniques. 

SUMMARY OF THE INVENTION 

[0009] The present invention overcomes the inade- 
55 quacies and deficiencies of the prior art as discussed 
above. Briefly described, the present invention provides 
a system and method for efficiently microfabricating 
integrated data storage mechanisms that are actuated 
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by electrostatic forces. 

[001 0] In accordance with the present invention, a plu- 
rality of data storage media are integrated within a data 
storage system. Each data storage medium is coupled 
to a respective movable support that is coupled to a plu- 5 
rality of flexures. The plurality of flexures significantly 
resists motion of the medium in a first predetermined 
direction and allows the medium to move in a second 
predetermined direction. The flexures are preferably 
comprised of a plurality of interconnected panels that 10 
are coupled to the movable support and to a layer of a 
microfabricated structure in order to support the data 
storage medium and the movable support. 
[0011] The movable support coupled to each data 
storage medium is also coupled to a plurality of elec- 15 
trodes. Preferably, the plurality of electrodes Is coupled 
to a surface of the movable support opposite of the sur- 
face of the movable support coupled to the data storage 
medium. A second plurality of electrodes generates 
electrical fields that interact with electrical fields gener- 20 
ated by the electrodes coupled to the movable support, 
thereby causing the movable support and, hence, the 
storage medium to move in a desired direction. Prefera- 
bly, the second plurality of electrodes are formed sub- 
stantially parallel to the plurality of electrodes coupled to 25 
the moveable support in order to define a surface actu- 
ator. 

[0012] In accordance with another feature of the 
present invention, one or more tips are formed on 
another microfabricated structure that is bonded to the 30 
microfabricated structure containing the data storage 
media. Each tip is formed adjacent to a respective data 
storage medium and is configured to store data on the 
respective data storage medium. Preferably, the two 
microfabricated structures are joined via a bond having 35 
palladium elements bonded to silicon elements. 
[0013] In accordance with another feature to the 
present invention, a gasket is formed between the two 
microfabricated structures in order to seal the data stor- 
age media within the data storage system. The gasket 40 
is preferably fused to one of the wafers during the bond- 
ing of the two microfabricated structures. 
[0014] The present invention can also be viewed as 
providing a method for microfabricating a data storage 
system. Briefly described, the method can be broadly 45 
conceptualized by the following steps: forming a first 
plurality of electrodes on a surface of a wafer; forming a 
sacrificial layer on the first plurality of electrodes; form- 
ing a second plurality of electrodes on the sacrificial 
layer; forming a support layer on the sacrificial layer; so 
forming a data storage medium on the support layer; 
removing portions of the support layer to form flexures 
that allow the data storage medium to move in a prede- 
termined direction; and removing material from the sac- 
rificial layer. 55 
[0015] The present invention has many advantages, a 
few of which are delineated below, as mere examples. 
[0016] An advantage of the present invention is that 
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an electrostatically actuated data storage system can 
be efficiently microfabricated. 

[0017] Another advantage of the present invention is 
that production costs of data storage systems can be 
significantly reduced. 

[0018] Another advantage of the present invention is 
that data storage systems of smaller scale than those 
currently available in the art can be realized. 
[0019] Another advantage of the present invention is 
that electrostatically actuated data storage systems can 
be operated at low voltages. 

[0020] Another advantage of the present invention is 
that external vibrations felt by a data storage system 
can be easily damped out of the movement of a data 
storage medium within a data storage system because 
the frequencies of the moving elements are determined 
primarily by electrical potentials rather than mechanical 
spring constants and masses. 
[0021] Another advantage of the present invention is 
that relatively high stress levels within a data storage 
system can be accommodated. 
[0022] Other features and advantages of the present 
invention will become apparent to one skilled in the art 
upon examination of the following detailed description, 
when read in conjunction with the accompanying draw- 
ings. It is intended that all such features and advantages 
be included herein within the scope of the present 
invention, as Is defined by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The invention can be better understood with 
reference to the following drawings. The elements of the 
drawings are not necessarily to scale relative to each 
other, emphasis instead being placed upon clearly illus- 
trating the invention. Furthermore, like reference numer- 
als designate corresponding parts throughout the 
several views. 

Fig. 1 A is an cross sectional view of a data storage 
system microfabricated in accordance with the 
invention. 

Fig. 1 B is a top view of the bottom wafer depicted in 
Fig. 1A, with the top wafer removed for illustrative 
purposes. 

Fig. 1 C is a bottom view of the top wafer depicted in 
Fig. 1A, with the bottom wafer, contacts, circuitry 
and gasket removed for illustrative purposes. 

Fig. 2A is a top view of one of the storage compo- 
nents of Fig. 1A in accordance with the preferred 
embodiment of the present invention. 

Fig. 2B is a top view of the storage component of 
Fig. 2A with the data storage medium, flexures, 
movable support, and translator electrodes 



4 



EP 0 978 832 A2 



5 

removed for illustrative purposes. 

Fig. 2C is a bottom view of the movable support of 
Fig. 2A showing the translator electrodes that are 
attached to the bottom surface of the movable sup- 5 
port. 

Fig. 2D is a top view of the flexures of Fig. 2A. 

Fig. 2E is a three dimensional side view of the flex- 10 
ures of Fig. 2D. 

Fig. 2F is a cross sectional view of the storage com- 
ponent of Fig. 2A. 

15 

Fig. 2G is a three dimensional view of the storage 
component of Fig. 2A with the surrounding silicon 
layer removed for illustrative purposes. 

Fig. 2H is a three dimensional view of the storage 20 
component of Fig. 2G surrounded by a portion of 
the silicon layer. 

Fig. 21 is a three dimensional view of the storage 
component of Fig. 2F with a capacitor plate added 25 
to the surface of the data storage medium. 

Fig. 3A is an illustration of a device that may be 
used to generate and step electrical potentials 
across the stator electrodes of Fig. 2B. 30 

Fig. 3B is an illustration of the device of Fig. 3A after 
a first step of the electrical potentials of the stator 
electrodes. 

35 

Fig. 3C is an illustration of the device of Fig. 3A 
after a second step of the electrical potentials of the 
stator electrodes. 

Fig. 4 is an illustration of an implementation of the 40 
translator electrodes of Fig. 2C. 

Figs. 5A-5G depict a side view of the storage com- 
ponent of Fig. 2 A, as the storage component is 
being microfabricated according to the microfabri- 45 
cation process of the present invention. 

Fig. 6 is a flow chart illustrating the microfabrication 
process described by the present invention. 

50 

Fig. 7A is a cross sectional view of the data storage 
system during the manufacturing process of the 
preferred embodiment of the present invention 
before the two wafers of the data storage system 
are engaged. 55 

Fig. 7B is a cross sectional view of the data storage 
system when the two wafers are initially engaged 



during the manufacturing process of the preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Generally described, the present invention is a 
system and method for forming an electrostatically actu- 
ated data storage device. Figs. 1A - 1C depict a 
micromachined system 21 manufactured in accordance 
with the invention. Although not necessary for success- 
ful implementation of the present invention, the system 
21 is preferably manufactured according to the process 
described in copending U.S. Patent Application entitled 
"System and Method for Bonding and Sealing Microfab- 
ricated Wafers to Form a Single Monolithic Structure 
Having a Vacuum Chamber Therein, 1 * filed on (to be 
determined) by Merchant etal. and assigned Serial No. 
(to be determined). 

[0025] Fig. 1A depicts a cross-sectional view of the 
system 21 having a top micromachined structure or 
wafer 25 and a base micromachined structure or wafer 
32. Furthermore, Fig. 1 B depicts a top view of the wafer 
32, and Fig. 1 C depicts a bottom view of the wafer 25. 
[0026] Referring to Fig. 1 A, the system 21 is prefera- 
bly designed to include contacts 42 in order to bond 
wafer 25 to wafer 32 and to maintain a position of wafer 
25 with respect to wafer 32. In this regard, wafer 32 pref- 
erably includes a plurality of storage components 45, 
which will be discussed in further detail below, capable 
of storing data information. The storage components 45 
are preferably disposed within a layer 46 of silicon. 
Although other embodiments are possible, using a sili- 
con layer 46 provides good mechanical support and a 
good electrical connection for data storage components 
45. 

[0027] The top wafer 25 preferably includes tips 52, or 
other types of writing mechanisms, that are configured 
to alter the properties of the storage components 45 in 
order to store data. For example, each tip 52 may trans- 
mit a laser or an electron beam to a particular location 
on a respective storage component 45 in order to store 
data on the respective storage component 45. There- 
fore, it is desirable for the position of the tips 52 relative 
to the storage components 45 be maintained within pre- 
cise tolerances. By maintaining the position of wafer 25 
with respect to wafer 32, the contacts 42 maintain the 
position of the tips 52 relative to the storage compo- 
nents 45. It should be noted that distance between the 
tips 52 and the respective storage components 45 is 
preferably between approximately 300 to 2000 Ang- 
stroms, and the drawings greatly exaggerate this dis- 
tance for illustrative purposes. 

[0028] Figs. 1A and 1B show electrical contacts 58, 
which are preferably designed to provide an outside 
interface to the storage components 45 in the preferred 
embodiment. In this regard, electrical connections con- 
nect each contact 58 to a particular storage component 
45 within structure 21, although the connections are not 
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shown by Figs. 1 A and 1 B for simplicity. Therefore, elec- 
trical signals can communicate between outside 
sources and the storage components 45 within struc- 
ture 21 via electrical contacts 58. 

[0029] Moreover, in the preferred embodiment, the 5 
system 21 is configured to include at least one column 
or contact 42, preferably comprising palladium (Pd). 
The contacts 42 are preferably formed on wafer 32 or a 
layer of wafer 32 through normal micromachining tech- 
niques. Once formed on wafer 32, the contacts 42 are 10 
then bonded to the top wafer 25 in order to connect 
wafer 32 to wafer 25. Preferably, the top wafer 25 has a 
silicon (Si) surface so that the contacts 42 engage and 
are bonded to silicon included within top wafer 25, 
thereby forming a palladium-silicon (PdSi) bond 15 
between wafers 25 and 32. An example of a process of 
creating a palladium-silicon bond between two wafers is 
fully described in "System and Method for Bonding 
Wafers," filed by Merchant et al. on (to be determined) 
and assigned serial number (to be determined). 20 
[0030] In this regard, the palladium contacts 42 are 
preferably attached to the base wafer 32 or to a layer of 
the base wafer 32 via an adhesion layer of chromium. 
The contacts 42 are configured to engage a silicon por- 
tion of the wafer 25. When the temperature of the wafers 25 
25 and 32 are annealed at certain temperatures (e.g., 
approximately 300 degrees Celsius for about 45 min- 
utes, approximately 400 degrees Celsius for about 30 
minutes or approximately 450 degrees Celsius for about 
30 minutes), a palladium-silicon (PdSi) bond forms 30 
between the palladium contacts 42 and the silicon por- 
tion of wafer 25. 

[0031] Since the palladium contacts 42 may be 
bonded to silicon at temperatures less than approxi- 
mately 500 degrees Celsius, the palladium-silicon bond 35 
between the two wafers 25 and 32 can be formed with- 
out damaging any CMOS (complementary metal-oxide 
semiconductor) storage components or other tempera- 
ture sensitive components included within either of the 
two wafers 25 or 32. Therefore, the bonding process is 40 
compatible with CMOS components, and wafers 25 and 
32 may include CMOS components (or other compo- 
nents sensitive to temperatures above approximately 
500 degrees Celsius) during the bonding process. 
[0032] In addition to contacts 42, the system 21 is 45 
preferably designed to include a gasket 62 for sealing 
the system 21 . The gasket 62 is configured to engage 
both wafers 25 and 32 and to enclose a portion of the 
space between wafer 25 and 32, as depicted by Figs. 
1 A and 1 B. The space encompassed by gasket 62 and so 
wafers 25 and 32 defines a chamber 63 within system 
21. Storage components 45 preferably reside in this 
chamber 63 so that a vacuum, or other types of condi- 
tions, may be formed and sealed around the storage 
components 45, as will be discussed in more detail 55 
below. The gasket 62 is preferably configured to consti- 
tute a side wall of the chamber 63, as shown by Fig. 1 B. 
[0033] The material of the gasket 62 preferably is a 
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soft pliable material. Furthermore, although other 
embodiments are possible, gasket 62 is preferably taller 
than contacts 42. Therefore, gasket 62 is preferably 
designed to engage wafer 25 before contacts 42 
engage wafer 25. After engaging the wafer 25, the gas- 
ket 62 is designed to deform as the two wafers 25 and 
32 are being pressed together, until the wafer 25 also 
engages the contacts 42. Heating the joined wafers 25 
and 32 forms the bond between contacts 42 and fines 
the gasket 62 with wafer 25. When the structure 21 is 
cooled, the fused material hardens to form a seal for the 
chamber 63. Consequently, the heating of the system 
21 not only forms the bond between the contacts 42 and 
the wafer 25, but it also seals the chamber 63. 
[0034] To help create a void free seal, a germanium 
layer 65 is preferably formed on wafer 25 as depicted by 
Fig. 1C. The germanium layer 65 is configured to 
engage the gasket 62 when wafer 25 is joined with 
wafer 32. The germanium layer 65 is configured to fine 
with the gasket 62 at temperatures used during the 
bonding process and, therefore, to help form a seal 
around structure 21. For the purposes of the invention, 
a sufficient seal is a seal capable of maintaining vacuum 
conditions within chamber 63. 

[0035] In the preferred embodiment, the material of 
the gasket 62 is preferably gold (Au). Therefore, when 
the gasket 62 is engaged with wafer 25 and heated, the 
surfaces of gasket 62 and wafer 25 engaged together 
form an eutectic which has a melting point close to or 
lower than the bonding temperature. If the germanium 
layer 65 is formed on wafer 25, then a gold-germanium 
(AuGe) eutectic is formed at the interface of the gasket 
62 and layer 65. Otherwise a gold-si licon(AuSi) eutectic 
is formed inside the surface of wafer 25 is preferably sil- 
icon. When the eutectic cools and solidifies, a leak- 
proof seal is formed between the wafers 25 and 32 by 
the hardened eutectic and gasket 62. 
[0036] In the preferred embodiment, it is desirable for 
the chamber 63 sealed by gasket 62 to be evacuated. In 
such a situation, the structure 21 should be placed in a 
vacuum chamber while bonding of the two wafers 25 
and 32 is performed. By engaging and heating the 
wafers 23 and 32 as discussed above while the system 
21 is situated within an evacuated vacuum chamber, the 
chamber 63 is sealed while the chamber 63 is evacu- 
ated. 

Storage Components 

[0037] Figs. 2A - 21 depict a storage component 45 of 
the invention. Fig. 2A depicts a top view of the storage 
component 45 (i.e., the surface of storage component 
45 that faces tips 52 in Fig. 1 A). The storage component 
45 includes a data storage medium 71 capable of stor- 
ing data information. In this regard, tips 52 correspond- 
ing to the medium 71 (/.e., located directly above the 
medium 71) are designed to alter the properties of 
medium 71 at particular locations on medium 71 in 
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order to store data. For example, the tips 52 can trans- 
mit a laser, an electron beam, an electrical field, or any 
other suitable type of transmission in order to alter a 
particular property of the material of the medium 71 . By 
changing the properties of the material of the medium 5 
71 to reflect data patterns, different data patterns can be 
stored on the medium 71 . 

[0038] Although other embodiments are possible, 
each storage component 45 is preferably surrounded by 
a layer 46 of silicon. The silicon layer 46 preferably 
includes a cavity 76. This cavity 76 can be formed by 
patterning the silicon layer 46 through conventional 
microfabrication techniques known in the art. Flexures 
82 are formed in the cavity 76 and are connected to a 
movable support 73, preferably comprised of silicon, 
and to the silicon layer 46, as depicted by Fig. 2A. The 
flexures 82 are designed to allow motion of the movable 
support 73 and, hence, medium 71 within a plane paral- 
lel to the surface of the wafer 25 that is adjacent to the 
tips 52 (i.e., motion in the xz-plane), and the flexures 82 
are designed to significantly resist motion of the 
medium 71 out of this plane (/.e., motion in the y-direc- 
tion). 

[0039] Fig. 2B depicts a top view of the storage com- 
ponent 45 and a surrounding portion of the layer 46 with 
the medium 71, movable support 73, and flexures 82 
removed in order to expose an array of stator electrodes 
86a and an array of stator electrodes 86b, which are 
formed on wafer 32 or on a layer of wafer 32. Each sta- 
tor electrode 86a and 86b depicted by Fig. 2B may be a 
single electrode or a plurality of electrodes. Each stator 
electrode 86a and 86b is configured to generate an 
electrical field when a voltage is applied to the electrode 
86a and 86b. Preferably a repeating spatially alternating 
voltage pattern is applied to the stator electrodes 86 in 
order to create a spatially alternating electrical field, 
which will be discussed in further detail below. Further- 
more, stator electrodes 86a are preferably configured to 
extend in a direction perpendicular to the stator elec- 
trodes 86b, as depicted by Fig. 2B. However, stator 
electrodes 86a may extend in other directions relative to 
stator electrodes 86b. 

[0040] Fig. 2C depicts a bottom surface of the mova- 
ble support 73 (i.e., the surface of movable support 73 
that faces stator electrodes 86a and 86b) and the bot- 
tom surface of the flexures 82 which connect the mova- 
ble support 73 to the layer 46 (Fig. 2A). The bottom 
surface of the movable support 73 includes an array of 
translator electrodes 88a and an array of translator elec- 
trodes 88b. Each translator electrode 88a or 88b 
depicted by Fig. 2C may be a single electrode or a plu- 
rality of electrodes. Similar to the stator electrodes 86a 
and 86b, the translator electrodes 88a are preferably 
configured to extend in a direction perpendicular to the 
translator electrodes 88b, as depicted by Fig. 2C, 
although other implementations are also possible. Each 
translator electrode 88a and 88b is also configured to 
generate an electrical field when a voltage is applied to 
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the translator electrode 88a and 88b. Furthermore, as 
depicted by Figs. 2B and 2C, the placement of the trans- 
lator electrodes 88a and 88b is configured to corre- 
spond to the stator electrodes 86a and 86b. Therefore, 
in order to increase the efficiency of movement of 
medium 71 , which will be discussed in detail below, the 
translator electrodes 88a preferably extend in the same 
direction as the stator electrodes 86a, and the translator 
electrodes 88b preferably extend in the same direction 
as stator electrodes 86b. 

[0041] Although other patterns are possible, a spa- 
tially alternating voltage pattern is preferably applied to 
the translator electrodes 88a and 88b. For example, in 
the preferred embodiment, every other translator elec- 
trode 88a or 88b is held at a certain voltage (e.g., five 
volts), while the intervening electrodes are held at 
another voltage (e.g., zero volts). The voltage pattern of 
the translator electrodes 88 is preferably held constant. 
Therefore, every other translator electrode 88a and 
every other translator electrode 88b can be hardwired to 
a particular voltage, and the other electrodes 88a and 
88b can be hardwired to a different voltage. In the pre- 
ferred embodiment, electrical conductors located on the 
surface of the flexures 82 provide electrical connections 
from the silicon layer 46 to the translator electrodes 88a 
and 88b. 

[0042] Fig. 2D depicts a top view of flexures 82, and 
Fig. 2E depicts a three dimensional side view of flexures 
82. Although other embodiments are possible, each 
flexure 82 preferably includes at least three intercon- 
nected beams or panels 82a, 82b and 82c. An edge of 
two panels 82a and 82c is preferably coupled to the sil- 
icon layer 46, as depicted by Fig. 2 A. Panel 82b is pref- 
erably coupled to the movable support 73 to support the 
movable support. Panels 82a, 82b and 82c are prefera- 
bly interconnected via panels 82d, 82e and 82f, as 
depicted by Figs. 2D and 2E. The design of flexures 82 
allows the movable support and, hence, the medium 71 
to move in a direction in a plane parallel with the adja- 
cent surfaces of wafers 25 and 32 (i.e., in the xz-plane) 
with relatively little resistance but significantly resists 
any motion of the medium 71 in a direction perpendicu- 
lar to this plane {i.e., in the y-direction). 
[0043] Although other implementations are possible, 
panels 82a and 82c are preferably formed perpendicu- 
lar to panel 82b in order to allow the movable support 
73, and the medium 71 to move freely in a two-dimen- 
sional plane parallel to the surface of the medium 71 . 
Panel 82b is preferably coupled to panel 82f, and panels 
82d and 82e preferably connect panels 82a and 82c, 
respectively, to panel 82f. 

[0044] Fig. 2F depicts a cross sectional view of the 
storage component 45. As can be seen by Fig. 2F, the 
medium 71 is disposed on top of and connected to mov- 
able support 73, and flexure panel 82b of each flexure 
82 is coupled to the movable support 73. The translator 
electrodes 88a and 88b on the bottom surface of the 
movable support 73 are designed to face the stator 
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electrodes 86a and 86b, and a gap 92 exists between 
the stator electrodes 86a and 86b and the translator 
electrodes 88a and 88b. Furthermore, the gap 76 also 
exists between flexures 82 and the surrounding silicon 
layer 46, except where the edges of panels 82a and 82c 
are connected to the silicon layer 46. The gap 76 
between the flexures 82b and silicon layer 46 is 
designed to allow the movable support 73 to move with- 
out causing flexures 82 to engage the silicon layer 46 
and, thereby, impede the motion of the movable support 
73 and the medium 71 . 

[0045] To further illustrate the preferred embodiment. 
Fig. 2G depicts a three dimensional side view of the 
storage component 45 with the silicon layer 46 removed 
for simplicity, and Fig. 2H depicts the storage compo- 
nent 45 of Fig. 2G and a portion of the silicon layer 46 
that surrounds the storage component 45. 
[0046] The medium 71 is designed to move with 
respect to the tips 52 (Fig. 1 A) in order to store and read 
data to and from different locations on the medium 71 . 
The movement of the medium 71 is controlled by the 
stator electrodes 86a and 86b and the translator elec- 
trodes 88a and 88b. When one of the tips 52 is to write 
or read data to or from a particular location on the 
medium 71 , the stator electrodes 86a and 86b and the 
translator electrodes 88a and 88b are designed to move 
the medium 71 until the particular location on the 
medium 71 is located directly beneath the tip 52. 
[0047] In this regard, a spatially alternating voltage 
pattern is applied to the stator electrodes 86a and 86b 
and the translator electrodes 88a and 88b to generate a 
spatially alternating electrical field. The voltage pattern 
applied to the translator electrodes 88a and 88b is 
designed such that every other translator electrode 88a 
and 88b is held at a certain voltage (e.g., five volts) 
while the intervening translator electrodes 88a and 88b 
are held at another certain voltage {e.g., zero volts). 
The spatially alternating voltage pattern generates a 
spatially alternating electrical field. 
[0048] Moreover, a spatially alternating voltage pat- 
tern is preferably applied to the stator electrodes 86a 
and 86b. Similar to the spatially alternating voltage pat- 
tern applied to the translator electrodes 88a and 88b in 
the preferred embodiment, the repeating spatially alter- 
nating voltage pattern of the stator electrodes 86a and 
86b can be implemented by applying a certain voltage 
on every other stator electrode 86a and 86b and apply- 
ing a different voltage on the intervening electrodes 86a 
and 86b. However, unlike the design of the translator 
electrodes 88a and 88b, the spatially alternating voltage 
pattern of the stator electrodes 86a and 86b is prefera- 
bly disrupted at certain location and repeats at the dis- 
rupted locations. Therefore, phase inversions occur in 
the voltage pattern of the stator electrodes 86a and 86b. 
[0049] For illustrative purposes, assume that the 
repeating alternating voltage pattern of the stator elec- 
trodes 86a and 86b is designed to repeat every seventh 
consecutive electrode 86a and 86b. Fig. 3A depicts a 
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portion of the array of stator electrodes 86a or 86b 
where an alternating voltage pattern is designed to 
repeat every seventh consecutive electrode of the array 
of stator electrodes 86a or 86b. In this case, five volts, 

5 for example, is applied to the stator electrodes 1 07, 1 09, 
111, and 113, and zero volts, for example, is applied to 
the stator electrodes 108, 110, and 112. This voltage 
pattern is alternating. However, after the seventh stator 
electrode 113, the voltage pattern repeats. Therefore, 

10 the eighth stator electrode 1 1 4 has the same voltage as 
the seventh stator electrode 113, and the alternating 
voltage pattern previously described begins with the 
eighth stator electrode 114. Accordingly, the stator elec- 
trodes 1 16, 1 18, and 120 have the same voltage as the 

15 seventh and eighth stator electrodes 113 and 114, and 
the stator electrodes 1 15, 1 17, and 1 19 have the same 
voltage as the stator electrodes 108, 110, and 112. 
Thus, the strictly alternating pattern is "repeated" at the 
eighth stator electrode 114, and a phase inversion 

20 occurs at the eighth stator electrode 1 1 4. 

[0050] Similarly, another phase inversion occurs at 
stator electrode 121, and the alternating voltage pattern 
repeats again at the stator electrode 121. Accordingly, 
stator electrodes 121, 123, 125, and 127 have five volts 

25 applied thereto, and stator electrodes 1 22, 1 24, and 1 26 
have zero volts applied thereto. 
[0051] The interaction between the electrical fields 
generated by the voltage patterns of the translator elec- 
trodes 88a and 88b and stator electrodes 86a and 86b 

30 induces a force on the translator electrodes 88a and 
88b, and thus, the movable support 73 and medium 71 , 
that pulls these components toward a particular loca- 
tion. The voltage patterns applied to the stator elec- 
trodes 86a and 86b can be stepped in one direction by 

35 changing the voltage on certain electrodes 86a or 86b. 
For example, using the initial voltage pattern described 
in the example above, the voltage patterns can be 
stepped in one direction by changing the voltage on the 
first stator electrode 1 07 and every seventh stator elec- 

40 trade 86a or 86b after the first stator electrode 1 07. 
[0052] Figs. 3A - 3C depict a device 134 that can be 
used to implement the functionality of stepping the volt- 
age pattern of the stator electrodes 86a and 86b. The 
electrodes 86 shown in Figs. 3A - 3C are a portion of 

45 either stator electrodes 86a or stator electrodes 86b. 
For the purposes of illustration, Figs. 3A - 3C depict 
twenty-one electrodes 86a or 86b, but other numbers of 
electrodes 86a or 86b are also possible. As shown by 
Fig. 3A, connection 141 initially is designed to provide a 

so certain voltage (e.g., five volts) to connections 145, 
147, 149, and 151. Therefore, the shaded stator elec- 
trodes 107, 109, 111, 113, 114, 116, 118, 120, 121, 
123, 125, and 127 depicted by Fig. 3A have five volts 
applied thereto. In addition, connection 161 is designed 

55 to provide another voltage (e.g., zero volts or ground) to 
connections 165, 167, and 169. Therefore, the stator 
electrodes 108, 110, 112, 115, 117, 119, 122, 124, and 
126 without shading in Fig. 3A have zero volts applied 
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thereto. As can be seen by reference to the electrodes 
86a or 86b in Fig. 3A, an alternating voltage pattern that 
repeats after every seventh consecutive electrode 86a 
or 86b is applied to the stator electrodes 86a or 86b. 
[0053] The voltage patterns of the stator electrodes 5 
86a or 86b can be stepped by rotating the device 1 34 in 
a counter-clockwise fashion. When the device 134 has 
been rotated enough to cause one of the connections 
145, 147, 149, 151, 165, 167, or 169 to switch voltages, 
the voltage pattern is stepped. For example, in Fig. 3A, 10 
connection 151 is designed to be the first connection to 
switch voltages followed by connections 169, 145, 165, 
147, 167, and 149 (in that order) when the device 134 is 
rotated one-sixth of a revolution. Preferably, the total 
number of segments 181 - 186 of device 134 is one 15 
fewer than the number of stator electrodes 86a or 86b 
that define a repeating voltage pattern. Therefore, if the 
alternating voltage pattern is repeated every seventh 
consecutive stator electrode 86a or 86b, as described 
above, the device 1 34 preferable has six segments 1 81 - 20 
186, as depicted by Figs. 3A - 3C. 
[0054] Fig. 3B depicts the device 1 34 after connection 
151 switches voltage but before connection 169 
switches voltage. As can be seen by the electrodes 86a 
or 86b depicted in Fig. 3B, the electrical potentials 25 
applied to three of the stator electrodes 107, 1 14, and 
1 21 are changed due to the switching of connection 1 51 
from five volts to zero volts. Fig. 3C depicts the device 
134 after connection 169 switches voltage but before 
voltage 145 switches voltage. As can be seen by Fig. 30 
3C, the voltage is applied to three stator electrodes 1 08, 
114, and 122 due to the switching of connection 169 
from zero volts to five volts. However, the repeating pat- 
tern of the electrodes 86a or 86b has been stepped in a 
particular direction as can be seen by comparing Fig. 35 
3A to Fig. 3C. 

[0055] Fig. 4 depicts a possible implementation of the 
translator electrodes 88a or 88b. For optima! operation, 
the translator electrodes 88a and 88b are preferably 
evenly spaced. In addition, the spacing of the translator 40 
electrodes 88a and 88b is such that the number of 
translator electrodes 88a or 88b over a certain distance 
is either one more or one less than the number of stator 
electrodes 86a and 86b over the same distance. As can 
be seen by reference to Fig. 4, every other translator 45 
electrode 88a or 88b can be hardwired to a particular 
voltage (e.g., five volts), while the remaining translator 
electrodes 88a or 88b are hardwired to another voltage 
(e.g., zero volts). The interaction between the electrical 
fields caused by the voltage patterns on the translator so 
electrodes 88a and 88b and the stator electrodes 86a 
and 86b induces a force on the translator electrodes 
88a and 88b that is in an opposite direction to the direc- 
tion of stepping by the voltages of the stator electrodes 
86a or 86b. Consequently, the translator electrodes 88a 55 
and 88b and, hence, the movable support 73 with 
medium 71 move opposite to the direction of stepping of 
the voltage pattern on the stator electrodes 86a or 86b. 
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It should be noted, however, that it is possible to vary 
the electrical fields generated by the translator elec- 
trodes 88a and 88b, so long as movement of the mova- 
ble support 73 is enabled. 

[0056] Since the stator electrodes 86a and 86b extend 
in the x-direction and the z-direction, respectively, (i.e., 
perpendicular to one another) and since the translator 
electrodes 88a and 88b extend in the x-direction and 
the z-direction, respectively, (i.e., perpendicular to one 
another), any range of motion within the xz-plane is pos- 
sible. In this regard, the voltage pattern applied to the 
stator electrodes 86a is stepped in order to move the 
medium 71 in the z-direction which is parallel to the sur- 
face of wafer 25 and perpendicular to the lengthwise 
direction of the electrodes 86a, and the voltage pattern 
applied to the stator electrodes 86b is stepped in order 
to move the medium 71 in the x-direction, which is par- 
allel to the surface of wafer 25 and perpendicular to the 
z-direction. In this way, the stator electrodes 86a and 
86b and the translator electrodes 88a or 88b are 
designed to control the movement of the medium 71 in 
order to properly position the medium 71 with respect to 
the tips 52. 

[0057] Together, stator electrodes 86a and 86b and 
translator electrodes 88a and 88b (along with flexures 
82) define what is commonly referred to in the art as a 
"surface actuator." A surface actuator includes a first set 
of electrodes separated from a second set of electrodes 
by a certain distance or gap. By varying the electrical 
fields generated by at least one of the sets of elec- 
trodes, one set of the electrodes moves relative to the 
other set. 

[0058] Surface actuators are generally distinguished 
from other types of actuators in that the adjacent sur- 
faces of the electrodes are substantially parallel to one 
another and that the moving set of electrodes moves 
parallel to these adjacent surfaces. Surface actuators 
usually require additional elements to maintain the 
spacing between the stator and translator electrodes. 
Generally, ball bearings, a lubricant layer or sliding con- 
tact is used to maintain spacing. In the invention 
described herein, folded beam flexures 82 are used to 
maintain spacing between the stator electrodes 86 and 
the translator electrodes 88. Therefore, the distance or 
gap between the sets of electrodes remains substan- 
tially constant. Surface actuators generate substantial 
lateral forces at reasonable operating voltages, add no 
additional area to the device since they are formed 
underneath the medium 71 , and, as described above, 
can position the medium 71 along two orthogonal direc- 
tions. Because of these features, surface actuators are 
preferable over other types of actuators to move 
medium 71 relative to tips 52. Other types of surface 
actuators which may be suitable for the invention are 
disclosed in copending U.S. Patent Application entitled 
"Electrostatic Actuator With Alternating Voltage Pat- 
terns," filed by Hoen et af. on March 15, 1997, and 
assigned serial number 08/818,209, and U.S. Patent 
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Number 5,378,954 entitled "Electrostatic Actuator, " filed 
by Higuchi et ai. on February 6, 1992, which are both 
incorporated herein by reference. 
[0059] The electrical fields induced by the voltage pat- 
terns of the translator electrodes 88a and 88b and sta- 5 
tor electrodes 86a and 86b create forces having 
components in the x-direction, y-direction and z-direc- 
tion. The forces in the y-direction tend to alter the spac- 
ing between the tips 52 and the medium 71 , and are, 
therefore, undesirable. These forces can be minimized 
by applying spatially alternating voltage patterns to both 
the stator electrodes 86a and 86b and to the translator 
electrodes 88a and 88b and by selecting an appropriate 
gap distance between the stator electrodes 86a and 
86b and the translator electrodes 88a and 88b. In this 
regard, it is desirable to keep the ratio of the repeat dis- 
tance associated with the translator electrodes 88a and 
88b and the distance between the stator electrodes 86a 
and 86b and the translator electrodes 88a and 88b 
within a certain range. The repeat distance is the dis- 
tance between the center of a translator electrode 88a 
or 88b held at a particular voltage and the center of the 
nearest translator electrode 88a or 88b, respectively, 
held at approximately the same voltage. In the preferred 
embodiment where every other translator electrode 88a 
or 88b is held at the same voltage, the repeat distance 
is twice the center to center spacing of the translator 
electrodes 88a and 88b, assuming that the spacing is 
constant. To minimize the forces in the y-direction, it is 
desirable to keep the repeat distance divided by the dis- 
tance between stator electrodes 86a and 86b and trans- 
lator electrodes 88a and 88b below approximately 
sixteen. 

[0060] It may be desirable for the movable support 73 
to include a pull-up capacitor to help offset forces in the 
y-direction. In this regard, a capacitor plate 95 should be 
coupled to the movable support 73, as shown in Fig. 21, 
and a similar capacitor plate should be formed on the 
surface of wafer 25 adjacent to the medium 71 . The 
attractive force between the capacitor plates can help to 
resist motion in the y-direction. 
[0061 ] As can be seen by reference to Fig. 1 B, system 
21 preferably includes a plurality of data storage compo- 
nents 45. Therefore, instead of storing data on a single 
data storage medium 71 , as is typically done in the prior 
art, data can be stored on a plurality of data storage 
media 71 . Since the data can be stored across a plural- 
ity of media 71, the size of each data storage medium 
71 can be reduced. Reducing the size of each data stor- 
age medium 71 has significant benefits for the manufac- 
ture of the device 21. For optimal operation of a tip- 
based data storage device, the spacing between the 
tips 52 and medium 71 should be adequately main- 
tained while the medium 71 moves underneath the tips 
52. Any bowing of the movable support 73 should be 
small. However, the movable support 73, since it sup- 
ports both the medium 71 and the translator electrodes 
88, is likely to be connected to a variety of materials. 



These materials are likely to have different internal 
stresses, particularly under the influence of temperature 
changes. The stresses applied to the movable support 
73 can cause it to bow. 

[0062] Reducing the size of the movable support 73 
decreases the changes in the separation of the tips 52 
and medium 71 caused by the bow of the medium 71 . In 
the preferred embodiment, each medium 71 can be 
separated from a respective tip 52 by a distance within 
a range between approximately 300 to 2000 Angstroms 
without having perturbations in the movement of the 
medium 71 cause the medium 71 to engage and dam- 
age one of the tips 52. Although other separation dis- 
tances are possible, it is also desirable to keep the 
distance between the tips 52 and the medium 71 within 
this range in order to minimize the distance between the 
medium 71 and tips 52 while accommodating bowing of 
the material of movable structure (defined by the data 
storage medium 71, movable support 73, and translator 
electrodes 88) when the surface area of the medium 71 
is on the order of about 25 square millimeters or less. 
Accordingly, the small scale of the movable support 73 
facilitates microfabrication of the system 21 by enabling 
minimum separation between the tips 52 and the media 
71. 

[0063] Additionally, the force required to move the 
media 71 is less when the size of the media 71 is 
reduced. For example, in the preferred embodiment, the 
media 71 can be appropriately moved with actuation 
voltages of less than 7 volts. This relatively small volt- 
age is more desirable since it is compatible with the out- 
put levels of CMOS circuitry. 

[0064] Although the preferred embodiment utilizes a 
tip-based storage system, other types of storage sys- 
tems are possible. For example, the medium 71 , flex- 
ures 82, movable support 73, and electrodes 86 and 88 
may be utilized with other data storage systems. These 
other systems may have reading and writing devices 
that do not actually contact the surface of medium 71 , 
similar to the design of the tips 52 in the preferred 
embodiment, or these other systems may have reading 
and writing devices that do contact the surface of 
medium 71. Examples of some contact based systems 
include, but are not limited to, ferroelectric phase 
change systems, resistance change systems, and ther- 
momechanical systems, and examples of other non- 
contact based systems include, but are not limited to, 
tunneling systems, field emission systems, and near- 
field optimal systems. In any of these other systems, the 
design of the actuator (i.e., medium 71, flexures 82, 
movable support 73, the stator electrodes 86a and 86b 
and the translator electrodes 88a and 88b) can corre- 
spond to the design of the preferred embodiment of the 
present invention. 

OPERATION 

[0065] The preferred use and operation of the present 
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invention is described below with reference to Figs. 1 A - 
1C, Figs. 2A - 21, Figs. 5A-5F, Fig. 6, and Figs. 7A and 
7B. 

Formati nofth Storag Mechanism 

[0066] Initially, wafers 25 and 32 are manufactured 
through microfabrication techniques known in the art. 
Figs. 5A - 5F and Fig. 6 depict the microfabrication of 
the data storage components 45 on wafer 32 in accord- 
ance with the preferred embodiment of the invention. In 
this regard, a silicon wafer is initially provided, which 
constitutes layer 46. Although layer 46 is comprised of 
silicon in the preferred embodiment, other elements or 
combination of elements are possible for layer 46. As 
depicted by Fig. 5A and block 202 of Fig. 6, translator 
electrodes 88a and 88b are formed on silicon layer 46 
via any suitable technique. Preferably, insulating mate- 
rial is included between the translator electrodes 88a 
and 88b and the silicon layer 46. This insulating material 
can be formed on the surface of the translator elec- 
trodes 88a and 88b prior to attaching the translator elec- 
trodes 88a and 88b to the silicon layer 46, or an 
insulating layer (not shown) can be deposited on the 
surface of the silicon layer 46 prior to attaching the 
translator electrodes 88a and 88b to the silicon layer 46. 
[0067] Once translator electrodes 88a and 88b are 
formed on the silicon layer 46, a sacrificial layer 192 is 
formed on the translator electrodes 88a and 88b and on 
the silicon layer 46, as shown by Fig. 5B and block 204 
of Fig. 6. The sacrificial layer 192 can be formed by any 
suitable microfabrication technique or techniques. For 
example, in the preferred embodiment, the sacrificial 
layer 192 is deposited across the surfaces of the trans- 
lator electrodes 88a and 88b and across the silicon 
layer 46. Then, the sacrificial layer 192 is preferably 
etched to expose portions of the silicon layer 46 which 
will not constitute a part of the movable support 73 
when the movable support 73 is later formed, as 
described in further detail below. In the preferred 
embodiment, the thickness of the sacrificial layer 192 is 
about 1 to 2 microns. 

[0068] After depositing the sacrificial layer 192, the 
stator electrodes 86a and 86b are formed on the sacrifi- 
cial layer 1 92, as depicted by block 205 in Fig. 6. Prefer- 
ably, the surface of the stator electrodes 86a and 86b 
opposite of the sacrificial layer 1 92 includes insulating 
material. This insulating material can be formed on the 
surface of the stator electrodes 86a and 86b prior to 
attaching the stator electrodes 86a and 86b to the sac- 
rificial layer 192, or an insulating layer (not shown) can 
be deposited on the stator electrodes 86a and 86b once 
the stator electrodes 86a and 86b are formed on the 
sacrificial layer 1 92. 

[0069] Once the stator electrodes 86a and 86b are 
fully formed on the sacrificial layer 192, the surface of 
the sacrificial layer 1 92 and stator electrodes 86a and 
86b (including the insulating material formed on the sta- 
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tor electrodes 86a and 86b) is preferably planarized, as 
shown by Fig. 5C and block 206 of Fig. 6. In this regard, 
the surface can be planarized by further depositing sac- 
rificial material on the surfaces of the stator electrodes 

5 86a and 86b and the sacrificial layer 1 92 and then pol- 
ishing the sacrificial material until the exposed surfaces 
of the translator electrodes 86a and 86b (including the 
insulating material formed on the surface of the stator 
electrodes 86a and 86b) and the sacrificial layer 1 92 are 

10 coplanar. 

[0070] As depicted by Fig. 5D and block 208 of Fig. 6, 
silicon material is preferably deposited, or otherwise 
formed, on the exposed portion of the silicon layer 46. 
This deposited silicon forms part of the silicon layer 46, 

15 as depicted by Fig. 5D. The deposited silicon material is 
preferably polished such that the surface of the silicon 
layer 46, sacrificial layer 192, and stator electrodes 86a 
and 86b (including insulating material formed on the 
surface of the stator electrodes 86a and 86b) are copla- 

20 nar. 

[0071] Next, wafer 32 is attached to the silicon layer 
46, sacrificial layer 1 92 and stator electrodes 86a and 
86b (including insulating material formed on the surface 
of the stator electrodes 86a and 86b), as depicted by 

25 block 21 2 of Fig. 6. It is preferable to attach the wafer 32 
via a bonding layer 98. In this regard, a bonding layer 
98, preferably comprised of palladium, is formed on the 
silicon layer 46, sacrificial layer 192 and stator elec- 
trodes 86a and 86b (including insulating material 

30 formed on the surface of the stator electrodes 86a and 
86b), as depicted by Fig. 5E. This bonding layer 98 can 
be attached to the silicon layer 46, sacrificial layer 192 
and stator electrodes 86a and 86b (including insulating 
material formed on the surface of the stator electrodes 

35 86a and 86b) via an adhesion layer (not shown) com- 
prising, for example, chromium. Then, the wafer 32 can 
be bonded to the layer 98, as shown by Fig. 5E. 
[0072] Preferably, the surface of the wafer 32 bonded 
to layer 98 includes silicon, and the surface of the layer 

40 98 bonded to wafer 32 includes palladium. Therefore, 
the wafer 32 can be bonded to the layer 98 through the 
same bonding process described below for bonding 
contacts 42 to wafer 32. For simplicity, layer 98 consti- 
tutes a portion of wafer 32, so that only wafer 32 is 

45 shown in the drawings except for Fig. 5E. 

[0073] It is desirable for the silicon layer 46 to have a 
thickness of about 60 microns in order for the movable 
support 73, which will described in further detail below, 
to resist bending and other deformations induced during 

so normal operation of the storage component 45. There- 
fore, once the wafer 32 is attached, the silicon layer 46 
is preferably polished on a surface opposite of translator 
electrodes 88a and 88b to a thickness of about 60 
microns, as depicted by block 214 of Fig. 6. 

55 [0074] The silicon layer 46 is then preferably etched 
using known deep etch processing to form the movable 
support 73 and the flexures 82, as depicted by Figs. 2A, 
2D, 2E, and 5F and by block 214 of Fig. 6. Therefore, 
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the movable support 73 and the flexures 82 are prefera- 
bly comprised of silicon since the movable support 73 
and the flexures 82 are etched from the silicon layer 46. 
As depicted by Figs. 2A and 5F, the etching of the silicon 
layer 46 preferably forms a separation gap 76 between 
the storage component 45 and the silicon layer 46, 
except where the flexures 82 are connected to the sili- 
con layer 46. This separation gap 76 allows the movable 
support 73 and the flexures 82 to move without engag- 
ing the silicon layer 46. 

[0075] Once the silicon layer 46 is etched to form the 
movable support 73 and the flexures 82, portions of the 
sacrificial layer 1 92 are exposed by the separation gap 
76. Therefore, the sacrificial layer 1 92 can be removed 
in order to create a separation gap 92 between the sta- 
tor electrodes 86a and 86b and the translator electrodes 
88a and 88b, as depicted by Fig. 5G. In this regard, a 
solution capable of dissolving the material of the sacrifi- 
cial layer 1 92 can be inserted into the separation gap 
76. Alter dissolving the sacrificial layer 1 92, the solution 
can be allowed to egress through the separation gap 
76, thereby removing the sacrificial layer 192 and form- 
ing the separation gap 92. As shown by block 216 of 
Fig. 6, the data medium 71 can then be attached to the 
movable support 73 via any suitable microfabrication 
technique in order to form the device depicted by Fig. 
2F. 

[0076] Once the data storage components 45 are 
formed, as described above, the palladium contacts 42 
and gasket 62 can be formed on the silicon layer 46 
through any suitable microfabrication technique or tech- 
niques, as depicted by Fig. 7A. It should be noted that 
contacts 42 may be located on either side of the periph- 
ery defined by gasket 62, although having the contacts 
42 located within the periphery as depicted by Fig. 1 B is 
preferred. 

[0077] A wafer 25 having tips 52 is then provided, as 
shown by Fig. 7A. Since it is desirable for the chamber 
63 defined by the gasket 62 to be evacuated, the sys- 
tem 21 is placed in an annealing chamber which is then 
evacuated in order to create a vacuum around the entire 
system 21 . Next, wafer 25 is engaged with the gasket 
62. As can be seen by reference to Fig. 7B, the gasket 
62 and contacts 42 are designed such that wafer 25 
engages the gasket 62 prior to engaging any of the con- 
tacts 42. However, any configuration that allows a seal 
to form via gasket 62 when the system 21 is heated dur- 
ing the bonding process is sufficient for implementing 
the invention. 

[0078] After engaging wafer 25 with the gasket 62, the 
wafers 25 and 32 are pressed against one another. The 
temperature of the annealing chamber is then increased 
to a bonding temperature, preferably below approxi- 
mately 500 degrees Celsius so that any CMOS compo- 
nents or other types of components included within 
either wafer 25 or 32 are not damaged. When heated, 
the surfaces of gasket 62 and wafer 25 (i.e., germanium 
layer 65 in the preferred embodiment) engaged together 
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form a eutectic. Once the palladium contacts 42 are 
engaged with the silicon portion of wafer 25, the palla- 
dium and silicon begins to bond. By maintaining the 
bonding temperature for the prescribed time, as will be 
5 discussed further below, a palladium-silicon bond forms 
between the silicon surface of wafer 25 and palladium 
contacts 45. Also, the eutectic formed between the gas- 
ket 62 and wafer 25 melts. 

[0079] After maintaining the bonding temperature for 

10 the prescribed time, as will be discussed further below, 
the system 21 is cooled in order to complete the bond- 
ing process of the palladium-silicon bond. During this 
cooling process, the melted eutectic hardens or solidi- 
fies to form a seal between the gasket 62 and the wafer 

15 25. Since the annealing chamber is evacuated, the for- 
mation of the seal creates a sealed vacuum in chamber 
63. Therefore, once the manufacturing process is com- 
plete, the system 21 can be removed from the annealing 
chamber while preserving a vacuum sealed within 

20 chamber 63. 

[0080] During the bonding process of the preferred 
embodiment, the temperature of the system 21 is ini- 
tially increased to approximately 200 degrees Celsius 
within about 30 seconds. Although not necessary, it is 

25 preferable to change the temperature linearly (/.e., 
"ramp" the temperature) when the temperature of the 
system 21 is being varied during the bonding process. 
[0081] The temperature of the system 21 is preferably 
held at approximately 200 degrees Celsius for about 30 

30 seconds and then increased to the bonding temperature 
in about 15 seconds. Experiments have shown that 
bonding temperatures and durations sufficient for imple- 
menting the invention are approximately 450 degrees 
Celsius for about 30 minutes, approximately 400 

35 degrees Celsius for about 30 minutes, or approximately 
300 degrees Celsius for about 45 minutes. It should be 
noted that other bonding temperatures and durations 
are possible for bonding palladium contacts 42 to wafer 
25 and for fusing gold gasket 62 to wafer 25. 

40 [0082] After maintaining the bonding temperature for 
its associated duration, the temperature of the system 
21 is decreased below approximately 100 degrees Cel- 
sius in about six minutes. At this point, a bond between 
the contacts 42 and wafer 25 should be sufficient 

45 enough to keep wafer 25 attached and aligned within 
precise tolerances to wafer 32 during normal operation. 
Furthermore, the seal of the gasket 62 should be 
formed, thereby capturing a vacuum within chamber 63. 
[0083] It should be noted that the material of the con- 

50 tacts 42, wafer 25, and gasket 62 are not necessarily 
pure palladium, pure silicon and pure gold, respectively. 
Although the preferred embodiment utilizes pure ele- 
ments of palladium, silicon, and gold, one ordinarily 
skilled in the art should realize that other elements can 

55 be added or combined with the silicon of wafer 25, the 
palladium contacts 42 and/or the gold gasket 62. How- 
ever, the melting temperature of the sealing material 
should be close to the bonding temperature in order to 
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achieve the benefit of forming a seal and a bond during 
the same heating process. 

[0084] Furthermore, it should be noted that utilizing 
the materials and the heating process described by the 
preferred embodiment enables the wafers 25 and 32 to 
be bonded and sealed with temperatures below approx- 
imately 450 degrees Celsius. Therefore, utilizing the 
materials and the heating process of the preferred 
embodiment enables the system 21 to be formed with- 
out damaging any CMOS components or other types of 
temperature sensitive components included in the 
wafers 25 and 32. Consequently, additional steps to 
preserve CMOS components or other types of tempera- 
ture sensitive components are not necessary. However, 
one skilled in the art should realize that other materials 
may be used, but the temperatures necessary to suffi- 
ciently bond the wafers 25 and 32 and/or to form the 
seal with gasket 62 may be affected. 
[0085] It should be further noted that the gasket 62 
does not necessarily have to be formed on wafer 32 and 
engage wafer 25. For example, the gasket 62 may be 
formed on wafer 25 and engage the wafer 32. Any con- 
figuration of the gasket 62 is sufficient as long as a seal 
between wafer 25 and 32 is formed during the heating 
process. In addition, one skilled in the art should also 
realize that multiple other wafers can be bonded during 
the bonding process in a variety of configurations. 

Storage Components 

[0086] Once the wafers 25 and 32 are bonded and 
sealed, the system 21 can operate as a storage device 
according to the preferred embodiment of the present 
invention. In this regard, when it is desirable to write or 
read data to or from one of the storage components 45, 
the medium 71 of the storage component 45 is inde- 
pendently moved to a desired position with respect to a 
particular tip 52 that corresponds with the storage com- 
ponent 45. The tip 52 may write or read data to or from 
a particular location on the medium 71 through any suit- 
able known technique. In order for the tip 52 to write or 
read data to or from a different location on the medium 
71 , the medium 71 is moved to a different position with 
respect to the tip 52. The movement of the medium 71 
is preferably co-planar and parallel to a plane defined by 
the surface of wafer 25 that is adjacent to wafer 32 (i.e., 
the xz-plane). Therefore, the distance of the closest 
point of the medium 71 to the tip 52 should remain 
approximately constant, although small perturbations in 
the movement of the medium 71 are possible which 
might cause small variations in the planarity of move- 
ment and the distance of the medium's 71 closest point 
to tip 52. These perturbations are acceptable as long as 
medium 71 does not engage tip 2, thereby damaging 
one of the tip 52 or the medium 71 , and as long as they 
do not unacceptably degrade the signal-to-noise ratio of 
the read-write process. 

[0087] The configuration of the flexures 82 allows the 
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medium 71 to move with little relative resistance in 
directions parallel to the plane defined by the surface of 
wafer 25 that is adjacent to wafer 32 [i.e., the xz-plane) 
and with large relative resistance in directions out of this 

5 plane {i.e., in the y-direction). In this regard, the panels 
of the flexures 82 have a high aspect ratio which causes 
the flexures to resist motion out of the plane defined by 
the surface of wafer 32 that is adjacent to wafer 25 more 
than motion parallel to this plane. The aspect ratio is 

u) defined herein as height divided by width. The width is 
the shortest length of the panel in a direction parallel 
with the plane defined by the surface of wafer 32 that is 
adjacent to wafer 25, and the height is length of the 
panel in a direction perpendicular with this plane. In the 

is preferred embodiment, the height of the panels of the 
flexures 82 should be between approximately 40 to 100 
micrometers, and the width of the panels of the flexures 
82 should be between approximately 1 to 2 microme- 
ters, such that the aspect ratio is approximately 40. By 

20 resisting motion of the medium 71 in the y-direction, the 
high aspect ratio of the flexures 82 helps to maintain 
adequate separation between the medium 71 and tips 
52 and between the stator electrodes 86a and 86b and 
the translator electrodes 88a and 88b. 

25 [0088] As the medium 71 moves, the flexures 82 are 
put in tension and compression similar to springs. In this 
regard, an equilibrium position for medium 71 exists 
where the panels of the flexures 82 are neither in ten- 
sion nor compression. As the medium 71 is moved 

30 toward or away from a flexure 82, the center panel 82b 
(Fig. 2D) of the flexure 82, which is coupled to the 
medium 71 , pulls or pushes the flexure 82 in the direc- 
tion of motion of the medium 71 . As a result, the other 
panels 82a and 82b, which are coupled to the stationary 

35 silicon layer 46, are deformed from equilibrium. The 
deformation of the panels 82a and 82c resists the 
movement of the medium 71 . Therefore, once the force 
inducing movement of the medium 71 is removed, the 
elasticity of the flexures 82 causes the flexures 82 to 

40 return to the equilibrium position where the flexures 82 
are not deformed. 

[0089] In order to move the medium 71 , a periodic or 
a spatially alternating voltage pattern is placed on the 
translator electrodes 88a and 88b and repeating spa- 

45 tially alternating voltage pattern is placed on the stator 
electrodes 86a and 86b. Then, the voltage pattern on 
the stator electrodes 86a or 86b is stepped in one direc- 
tion across the stator electrodes 86a or 86b. By step- 
ping the alternating voltage patterns of the stator 

so electrodes 86a and 86b, the translator electrodes 88a 
and 88b (and, hence, the movable support 73 and the 
medium 71) are pulled in a direction opposite to the 
stepped direction. 

[0090] As can be seen with reference to Figs. 2B and 
55 2C, stepping the voltage patterns of the stator elec- 
trodes 86a as described above moves the medium 71 in 
a first direction, and stepping the electrical fields of the 
stator electrodes 86b moves the medium 71 in a second 
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direction perpendicular to the first direction. Therefore, 
by controlling the voltage patterns applied to stator elec- 
trodes 86a and 86b, a two-dimensional range of motion 
can be achieved for medium 71. Consequently, any 
point on the medium's 71 surface is accessible to the 5 
tips 52. 

[0091] When it is desirable for a particular tip 52 to 
write or read data to or from a particular point on 
medium 71 , the particular point of medium 71 is moved 
to a predefined position with respect to the tips 52 so 10 
that the particular tip 52, which is preferably stationary, 
may access the particular point. This movement to the 
particular position is achieved by appropriately manipu- 
lating the voltage pattern on the stator electrodes 86a 
and 86b, as described above. Once the medium 71 has 15 
been moved to the appropriate position, the tips 52 may 
write and/or read data to and/or from the medium 71 
according to any suitable technique. 
[0092] In concluding the detailed description, it should 
be noted that it will be obvious to those skilled in the art 20 
that many other variations and modifications may be 
made to the preferred embodiment. Ail such variations 
and modifications are intended to be included herein 
within the scope of the present invention, as set forth in 
the following claims. 25 

Claims 

1 . An electrostatically actuated data storage system, 
comprising: 30 

a micromachined structure (21); 



micromachined structure (21). 

2. The system of claim 1 , wherein a surface of said 
medium (71 ) that is coupled to said movable sup- 
port (73) has a surface area of less than approxi- 
mately 25 square millimeters. 

3. The system of claim 1 or 2, wherein said system 
includes a plurality of said medium (71) integrated 
with said system. 

4. The system of claim 1 , 2 or 3, wherein said flexures 
(82), said electrodes (86a, 88a), and said movable 
support (73) define a surface actuator. 

5. The system of one of the preceding claims, wherein 
said first electrode (88a) and said plurality of elec- 
trodes (86a) are separated by a gap, wherein a dis- 
tance between said first electrode (88a) and said 
plurality of electrodes (86a) remains substantially 
constant as said medium (71) moves relative to 
said micromachined structure (21). 

6. The system of one of the preceding claims, wherein 
said writing tip (52) is separated from said medium 
(71 ) by a distance between approximately 300 to 
2000 Angstroms. 

7. A method, comprising steps of: 

providing a data storage medium (71) to a first 
surface of a movable support (73); 

providing a writing tip (52) for writing data to 
said data storage medium (71); 

providing a flexure (82) connecting said mova- 
ble support (73) to a microfabricated structure 
(21); 

providing a first plurality of electrodes (88a) 
coupled to a second surface of said movable 
support (73) that is opposite of said first sur- 
face; 

providing a second plurality of electrodes (86a) 
coupled to said microfabricated structure (21); 
and 

varying a voltage pattern applied to one of said 
electrodes (86a) in order to move said data 
storage medium (71) relative to said writing tip 
(52). 

8. The method of claim 7, further including a step of 
maintaining a fixed distance between said first plu- 
rality of electrodes (88a) and said second plurality 
of electrodes (86a). 



a movable support (73); 

35 

a medium (71) for storing information, said 
medium (71) coupled to a first surface of said 
movable support (73); 

a writing tip (52) configured to write data to said 40 
medium (71); 

at least one flexure (82) connecting said mova- 
ble support (73) to said micromachined struc- 
ture (21); 45 

a first electrode (88a) coupled to a second sur- 
face of said movable support (73), wherein said 
second surface of said movable support (73) is 
opposite of said first surface of said movable so 
support (73); and 

a plurality of electrodes (86a) coupled to said 
micromachined structure (21), said plurality of 
electrodes (86a) configured to generate an 55 
electrical field that attracts an electrical field 
generated by said first electrode (88a) in order 
to move said medium (71) relative to said 
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9. The system of claim 7 or 8, further comprising a 
step of maintaining a distance separating said data 
storage medium (71) from said writing tip (52) 
between approximately 300 to 2000 Angstroms. 

5 

10. A method for microfabricating a data storage sys- 
tem, comprising steps of: 

forming a first plurality of electrodes (88a, 88b) 
on a surface of a first wafer (46); w 

forming a sacrificial layer (192) on said first plu- 
rality of electrodes (88a); 

forming a second plurality of electrodes (86a) 15 
on said sacrificial layer (192); 

attaching a second wafer (32) to said sacrificial 
layer (192); 

20 

forming a data storage medium (71) on said 
first wafer (46); 

removing portions of said first wafer (46) to 
form flexures (82) that allow said data storage 25 
medium (71 ) to move in a predetermined direc- 
tion; and 

removing material from said sacrificial layer 
(192). 30 
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